successfully demonstrated the recovery of influenza virus from the air 1 hr after aerosolization, and were able to destroy the infectivity of the airborne virus by UV irradiation. Ultraviolet irradiation has been used to a limited extent over the past 30 years in attempts to control airborne spread of microbial infections. Although effective in reducing infectivity rates in many instances, this procedure has not received wide acceptance. The impracticability of applying UV control to all possible airborne routes of microbial spread, plus the injurious effects from direct radiation, have limited its use. This subject has been discussed by Wells (1955) and Riley and O'Grady (1961) .
airborne particles. The present study evaluates the ability of this cell to inactivate airborne viruses. Five viruses, adenovirus type 2, Coxsackie Bi, influenza A, Sindbis, and vaccinia, each representing major viral groups, were tested.
MATERIALS AND METHODS
Aerosol test unit. The aerosol test unit is schematically illustrated in Fig. 1 . The unit consisted of the following components.
The germicidal effect of ultraviolet (UV) light on an airborne bacterium was first experimentally demonstrated by Wells and Fair (1935) . The following year Wells and Brown (1936) successfully demonstrated the recovery of influenza virus from the air 1 hr after aerosolization, and were able to destroy the infectivity of the airborne virus by UV irradiation. Ultraviolet irradiation has been used to a limited extent over the past 30 years in attempts to control airborne spread of microbial infections. Although effective in reducing infectivity rates in many instances, this procedure has not received wide acceptance. The impracticability of applying UV control to all possible airborne routes of microbial spread, plus the injurious effects from direct radiation, have limited its use. This subject has been discussed by Wells (1955) and Riley and O'Grady (1961) .
To successfully apply UV irradiation in the control of viral diseases, our understanding of airborne spread of viruses must be increased, and a proper method of sanitary ventilation must be applied. Harper (1961 Harper ( , 1963 presented information on the survival of airborne viruses and demonstrated how their viability is influenced by relative humidity, temperature, and type of suspending fluid. Quantitative evaluation of the effects of UV irradiation on airborne viruses is very limited. A helical baffle UV cell (Helfman, 1963) provided a system in which the inactivation of virus aerosols could be studied. This unit produces a high-intensity UV field and insures effective exposure of Angeles, Calif.) . Tissue culture monolayers were inoculated with 0.2 ml of the skim milkvirus suspensions or appropriate dilutions thereof. After 1-hr adsorption at 37 C, the monolayers were covered with an appropriate overlay medium and incubation was continued at 37 C until visible plaques developed. The flasks were then filled with 10 % formalin, which fixed the cells and inactivated the virus. The overlay medium and formalin were poured off and cells were stained with crystal violet; this enabled direct counting of the plaques (Holland and McLaren, 1959) . Coxsackie Bi virus was assayed in Detroit-6 line of tissue culture; a 0.6% agar-tris(hydroxymethyl)aminomethane (tris) buffer overlay containing 5 % agamma calf serum was used, and the cells were fixed and stained after 3 days of incubation. Adenovirus plaques were produced on FL amnion cells. Two tris buffer overlays containing 0.6 % agar and double concentrations of Eagle's amino acid and vitamin solutions were used; the first was added after the adsorption period, and the second after 5 days of incubation. Plaques were counted on the 10th to 12th day. Influenza virus plaques were produced on primary chick embryo tissue cultures with a serum-free overlay medium described by Simpson and Hirst (1961) Some viruses may have slipped through the sampler; from studies with bacteriophage aerosols, slippage was found to be less than 10 % of the total. The highest concentrations of virus were found on sampler stages 3 and 4. With Coxsackie virus, for example, the following distribution was obtained on stages 1 through 6: 10, 500, 17, 500, 21, 750, 26, 750, 20, 250, and 11, 250 PFU, tively. Similar distributions were observed for the other viruses tested. The skim-milk film on agar was about twice as efficient as plain agar or a skim-milk film on a plastic surface for collecting viruses. Standard all-glass impingers were less effective than was the Andersen sampler in this study.
The relative humidity of the air entering the unit was 50% during the adenovirus tests, 66 % with Coxsackie, 68% with influenza, 62 % with Sindbis, and 65% with vaccinia. The amount of fluid added from aerosolization would increase these values by less than 0.5 %. Air temperature was 24 to 25 C.
DIscussIoN
These tests demonstrate the relatively high efficiency of the above-described helical baffle UV cell for inactivating airborne viruses. The conditions of these tests were vigorous. The viruses were aerosolized in the undiluted medium in which they were harvested; this, it was thought, would more closely simulate the materials in which viruses would be aerosolized under most natural conditions. The virus aerosol concentrations were many times greater than one would normally expect to encounter under natural conditions, and the viruses were aerosolized directly into the UV cell with no prefiltration.
Because the viral concentrations and the composition of the aerosolized medium, as well as the sensitivity of the viral assay systems, varied, it cannot be determined whether the slight differences in inactivation rates noted represent variations in susceptibility of the different viruses to UV irradiation or simply reflect variations in the test conditions. The influence of such factors as relative humidity, temperature, and composition of suspending medium on UV inactivation of viruses remains to be determined.
The helical baffle UV cells are designed to work in conjunction with roughing and high-efficiency prefilters. Such filtration removes many of the airborne microorganisms and larger particles that might protect microorganisms from the UV rays, and also prevents accumulation of dust on the UV lamp. The UV cell, when used in conjunction with prefilters and installed in sanitary ventilation systems, should kill virtually all viruses passing through it. Such a system lends itself to areas where affluent or effluent air must be decontaminated or where air recirculation is desired.
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